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SUMMARY

In view of the posslbillty of ubtillzing the engine compressor
to supply compressed air for Jet-engine alrcraft during flight, an
Investigation was conducted in the RACA ILewls altitude wind tunnel
to determine the effect of compressor-ocutlet bleedoff on the per-
Fformance of an axial-Fflow turbojet engine equipped with a variable-
area exhaust nozzle. At a flight Mach number of 0.53, the englne
was operated from 0.885 rated speed to rated speed at & pressure
altitude of 25,000 feet and at 0.930 rated speed at a preseure alti-
tude of 40,000 feet. At each condition the varlable-area exhaust
nozzle was locked ln several poslticns and the bleedoff flow was
varied from zero to approximetely 0.10 of the engine air flow.

At a pressure altitude of 25,000 feet and a flight Mach number
of 0,53, increasing the bleedoff flow from 0O to 0.10 of the engine
air flow reduced the maximum net thrust obtalnable with the starndard
exhaust-nozzle area to 0.775 of the inlitlal thrust. This decrease
in thrust was accompanied by & rlse In specific fuel consumption
to 1.177 of the inltlial value and required a reduction in engine
gpeed from rated speed to 0.954 rated speed to prevent exceeding
the turbine-outlet temperature limlit, During operation at con-
stant engine speed with a glven exhaust-nozzle area, the net thrust
and engine total-pressure ratio decreased and itne speciflic fuel con-
sumption anfi englne total-temperature ratio lncreased approximately
linearly with the bleedoff flow. Improvements In performance offered
during operation with a variable-area exhaust nozzle as compared to
performance with & flxed-area nozzle were inslgnificant at the bleed~
off and operating conditlons Investigated.

INTRODUCTION

Current alrcraft often require campressed air during flight
for such purposes as lce protection or cabin pressurization and
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conditioning. Because the guantity of alr requlred varles consid-
erably during a flight, eny system that supplies sufficlent air to
setisfy the maximum demand will operate at a fraction of its total
capaclty during most of the flight., It is therefore doubly lmportant
that the supply system selected be of minimm weight and occupy a
ninimum of space.

One method of supplyling compressed alr in Jet-engline alrcraft
that is under investlgation at the NACA lewls laboratory consists
in bleeding alr from the compressor-outlet diffuser. This source
of compressed alr results Iin no weight or space penalty for the
pumping equipment; however, compressor-outlet bleedoff will affect
the engline performence. Use of compressor-outlet air might also
requlre longer ducts than would be necessary for & separate source
that allowed more flexibility in the cholce of its location in the
aircraft. An analytical method for calculating turbojet-engine
performance with compressor-ocutlet bleedoff is presented In
reference 1.

In order to evaluate further the effect of compressor-outlet
bleedoff on engine performence, an experimental Investigation was
conducted in the altitude wind tunnel uging an axial-flow turbojet
engine equipped with a variable-area exhaust nozzle. The engine
was operated at two altitudes, a single flight Mach number, and
several engine speeds. At each engine gpeed the effect of varying
the compressor-ocutlet bleedoff flow was determined for several
exhaunst-nozzle-outlet areas. Resulbs presented hereln indicate the
effect of compressor-outlet bleedoff on engine performance for both
fixed-area and varisble-area exhaust-nozzle cperation. Temperature
end pressure losges through the bleedoff ducting system are also
discussed.

INSTALLATION AND INSTRUMENTATION

An axial-flow turboJet engine was installed In the test sec-
tion of the altitude wind tunnel. A variable-area exhaust nozzle
lnestalled on the englne permltted operation over a wide range of
turbine-cutlet temperatures at each engine speed and bleedoff-flow
rate. Dry alr was introduced to the englne through a duct from
the tunnel make-up alr aystem. Thls alr was throtiled from approxi-
mately sea-lovel pressure to the deslred pressure et the engine
inlet, while the tunnel pressure was malntained to correspond to the
desired altitude. Refrigeration coils in the make-up zlr system
permitted control of the inlet-alr temperaturs.

(YA
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The bleedoff system lnstalled on the engine 1is 1lllusitrated in
figure 1. Compressor-outlet alr was supplied to & manifold through
four extraction ports incorporated in the compressor-outlet dlffuser
for the purpose of air bleedoff. The alr passed from the manifold
into a cylindrical duct extendlng rearward along the top of the
engine and was then discharged into the tunnel test section. A
butterfly velve was installed at the outlet of the bleedoff duct to
control the bleedoff flow. The system was deslgned for a velocity
through the manifold of approximately 300 feet per second when
bleeding off 0.10 of the alr at rated engine speed. The cross-
gectional areas of the lower and upper portlioms of the manifold
were 0.250 and 0.885, respectively, of the duct cross-sectional .
area. No insulation was lnstalled on any part of the bleedoff system.

Preasures and temperatures were measured at four statlons in
the engine: engine Inlet, compressor outlet, turbine outlet, and
tail pips. A temperature and pressure survey was alsc Installed
18 Inches upstream of the butterfly valve in the bleedoff duct.
Cross sectlions of each measuring statlon indicating the temperature
and pressure surveys are shown Iln fligure 2.

PROCEDURE

The investigation was conducted at pressure sltitudes of
25,000 and 40,000 feet and at inlet pressures corresponding to a
Plight Mach number of 0.53. The inlet-air total temperature was
maintained at approximately 30° F throughout the lnvestigation.
This temperature was selected because it represents the condition
at which sircraft icling is most prevalent and therefore the condi-
tion at which the maximum flow might be required Ffrom the bleedoff
system. At an altitude of 25,000 feet, the engine was operated at
0.885, 0.230, and 1,00 of rated speed, and at an altitude of
40,000 feeot the engine was operated at 0.930 of rated spsed. These
flight condltions and englne speeds were selected to approximate
poselble crulsing conditlons of jet-englne alrcraft.

At each £light condition and englne speed, performance data
were cbtained over a range of bleedoff flows wlth the varlable-
aree exhaust nozzle locked in ssveral positions. For each nozzle
position, data were obtained along an operating line from a mini-
mum 1limit of either a tall-pipe temperature of 1370° R or zero
bleedoff flow to a maximum limlt of either & tall-plpe temperature
of 1665° R or a bleedoff-flow rate of 0.10 of the engine alr flow.



4 NACA RM ES0E17

Thrust and air flows were calculated from pressure and temper-
sture measurements at the several measuring stations, and fuel flow
was measured wlth & calibrated rotameter. The effectlive exhaust-
nozzle-outlet areas were calculated from measurements of exhaust-
gas temperature, pressure, and flow rate. An average of the cal-
culated exhaust-nozzle areas for any one locked nozzle position
was used as the effective area for that operating line. Methods
of calculating the performance variables and the effective nozzle
areas are glven in the appendix.

RESULTS AND DISCUSSION

In order to maintain constant englne speed while alr is bled
from the compressor outlet of a turbojet engine having a fixed
exhaust-nozzle area, the enthalpy drop per unit flow through the
turbine must be increased approximately in proportion to the fractlon
of air bled from the compressor outlet. It 1s characterlstlc of axial-
flow turbojet engines baving & fixed exhaunst-nozzle area that such
2 required increase 1ln enthalpy drop per unlt flow through the tur-
bilne willl increase the turbine-inlet and turbine-outlet total tem-
peratures and decrease the turbine-outlet total pressure. A typl-
cal set of data presented In figure 3 for 0.930 rated engine apeed,
an altitude of 25,000 feet, a flight Mach number of 0.533, and for
several flxed-exhaust-nozzle areas Indicates the trend of the tail-
ripe total temperature, total pressure, net thrust, and specific
fuel consumption with bleedoff flow. Exhaust-nozzle areas are
glven as fractions of a standard-nozzle area. Thils standard-nozzle
area is defined as the effective area with which a tall-pipe total
temperature of 1665° R, corresponding to an engine total-temperature
ratlio of 3.4, was obtalned at rated emglne speed, an altltude of
25,000 feet, and a flight Mach number of 0.53. The net thrust and
the specific fuel consumption obtained at each altitude wlth thils
standard-nozzle area end a tall-plipe total temperature of 1665° R,
are referred to as net thrust at limiting temperature and speoifioc
fuel consumption at limiting temperature.

The engine-inlet total temperature and pressure were approxi-
mately constant; therefore, these data show that as the bleedoff
flow was increased for any fixed exhaust-nozzle area, the tall-
‘pipe total temperature was appreciably increased and the turbine-
outlet total pressure wees slightly reduced. The reductions in
exhaust-gas flow and turbine-outlet total pressure with increased
bleedoff flow hed a greater effect on net thrust than the Increase
in tail-pipe total temperature, and the net thrust was therefore
reduced (fig. 3(c)). It should be noted that during operatiom, at

62¢T
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this engline speed with Zero bleedoff flow and the smallest nozzle
ares, the ratio of net thrust to the net thrust at limiting tem-
perature was 1,0. The attalmment of this thrust at 0.930 rated engine
speed was possible because the slight decrease in air flow below

the value at rated speed was accompanied by an Improvement in com-
preggor efficiency. The increased pressure and temperature energy
removed from the engine as the bleedoff flow was Inocreased resulted
in a rise in specific fuel comsumption (fig. 3(d)). With a given
exhaust-nozzle area, the variations in the engine-performance param-
eters presented In figure 3 were nearly linear with bleedoff flow.
Except for the speciflc fnel consumption, the slope of the curves

for each parameter wes approximately the same for all exhaunst-nozzle
areas. The lncrease in specific fuel consumption with bleedoff flow
was more pronounced with the largest exhsust-nozzle areas than with
the smaller areas. The performance trends shown for this operating
condltion were similar to those for the other conditions Investigated.
Camplete data for each flight comdlition are presented in teble I.

Effects of compressor-outlet bleedoff on the englne performance
characteristics at altltundes of 25,000 and 40,000 feet are compared
in figure 4. This Increase 1ln altitude from 25,000 to 40,000 feet
with a constant engine speed, exhaust-nozzle area, flight Mach num-
ber, and engine~inlet temperature ralsed the engine total-pressure
ratio, total-temperature ratio, and ratio of net thrust to net thrust
at limiting temperature by approximately a fixed Increment throughout
the range of bleedoff flows investigated. There was no comslstent

-effect of altitude on the ratio of specific fuel consumption to spe-

cific fuel comsumption at limiting temperature. In explalining these
trends, 1% should be pointed out that a reductlon in compressor effi-
ciency of approximately C.04 accompanied this increase in altitude.
Consequently, when operating with the standard-nozzle area, which

gave limiting turbine-outlet temperature at rated speed and an alti-
tude of 25,000 feet, limliting turbine-outlet temperature was obtained
at approximetely 0.98 rated englne speed at an altitude of 40,000 feet.
The englne total-temperature ratio and englne total-pressure ratio

at 0.93 rated speed were therefore higher at an altitude of 40,000 feet
than at 25,000 feet. It also follows that the ratio of net thrust

at 0.93 rated epeed to met thrust at limiting temperature for an alti-
tude of 40,000 feet was higher than the net-thrust ratlo for an altil-
tude of 25,000 feet. Although the speclific fuel consumption was
higher at an altltude of 40,000 feet than at 25,000 feet, there was

no consistent effect of altitude on the ratio of specific fuel con=-
sumption to specific Pfuel consumption at limiting temperature, as
might be expected. _
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The effect of compressor-outlet bleedoff on engine performance
for operatlon wlth the standard-area nozzle at an altitude of
25,000 feet and a flight Mach number of 0.53 is shown in figure 5.
Results are presented for operatlon at maximum thruet as limlted by
a tall-pipe temperature of 1665° R, and at 0.85 and 0.75 of the net
thrust at limiting temperature. These results were obtained from
cross plots of data for each englne speed simllar to the data in
Pigure 3. With & tall-pipe temperature of 1665° R, the maximm
obtalnable thrust decreased nearly linearly to 0.775 of the net
thrust at limiting temperature as the bleedoff flow was increased
from O to 0.10 of the engine air flow. Accompanying thils decrease
in thrust wae an increase in specific fuel consumption to 1.177 of
the specific fuel consumptiom at limiting temperature, and a reduc-
tion In engine speed to 0.954 of rated speed was required to maintain
a constant tall-pipe temperature. During operatlon at constant
thrust, the specific fuel consumption and the tall-pipe temperature
Increased as the bleedoff flow was ralsed, and an lncrease in engine
gpeed was requlred to maintain constant thrust. Operation at 0.85
rated net thrust was limited by the tail-pipe temperature to a mexi-
mum bleedoff flow of 0.071L of the englne air flow. Varlation of the
performance with bleedoff flow calculated by the analytical method
of reference 1 and using the characteristics of en axial-flow engine
off different design was in favorable agreement with the experimental
results.

A comparison of the performa.nce cbtained at the limlting tall-
plpe temperature of 1665° R with the standard-ares nozzle and a
variable-ares nozzle, which permitted operation at constant engine
gpeed, 13 presented iIn figure €. Performance with the variable-aree
nozzle 1s shown for both rated engine speed and 0.93 rated speed.
The maximum net thrust with the variable-area nozzle was from O
to 0.016 lower at rated englne speed and fram O to 0.008 higher
at 0.93 rated speed than with the standard-srea nozzle. With the
varlable-area nozzle, the speciflic fuel consumptlon was from O
to 0.045 higher at rated speed and 0.013 to 0.020 lower &t 0,93
rated speed than with the standard-area nozzle. The slightly lower
thrusts and higher specific fuel consumptlon obtalned at rated
gpeed than at 0.93 rated aspeed are asscciated with the negligible
Increase in alr flow and the appreclable decrease in compressor
efficlency accompa.nying an Increase in engine speed from 0.93 rated
speed to rated speed.

. The variation of specific fuel consumption, tail-pipe tempera-
ture, engine speed, and exhaust-nozzle -area with bleedoff at 0.75
of the net thrust obtalnable at limliting temperature is shown in fig-
ure 7 for operaticm with the standard-area nozzle and with the

6281



1329

NACA RM ES0EL7 ) 7

varisble~area nozzle at 0.93 rated speed, the engine speed at whlch
the lowest specific fuel consumption was obtained at limiting tem-
perature (fig. 6). The specific fuel consumption with the variable-
ares exhaust nozzle varied from 0.015 higher to 0.010 lower than

that with the standard-area nozzle as the bleedoff flow was increased
Trom O to 0.10 of the engine air flow. Throughout this range of
bleedoff flows, the tall-pipe temperature differed by less than 10° F
between the two methods of operation. An examination of all the data
obtalned shows that Improvements in performence by use of a variable-
area exhaust nozzle as compared to a flrxed-area nozzle were
Insignificant.

The performance data presented thus far have indlicated the
offect of compressor-outlet bleedoff on performence at specific
operating conditions. Engine performance obtained with bleedoff at
all operating conditions Investigated can be summarized by the engine
pumping charecteristics, as shown in figure 8. These data, which are
cross-plotted from data such as those presented in Pigures 3(a) and
3(p) » Show the variatlon of engine total-pressure ratlo with engine
total-temperature ratio for several bleedoff flows, with lines of
constant exhaust-nozzle srea superimposed. Such curves are useful
for selecting data at any bleedoff condltion for the flight condi-
tions and engine speeds investigated to determine the effect of
bleedoff on the performence.

Increasing the bleedoff flow at a glven operating condltion and
exhesust-nozzle area shifted the operating point In the dlrectlon of
Increased engine total-temperature ratlos and reduced engine total-
pressure ratlos, as indicated in figure 3. The trends of the pumping
charac?ristics are in close agreemsnt with those analytically deter-
mined By the method of reference 1 for an axial-flow engine of 4if-
ferent design, except that between bleedoff flows of O and 0.03
of the englne alr flow, changes in englne total-temperature ratio
with a constent exhsust-nozzle area were considerably greater than
those analytically determined. A study of the datae has shown that
the relatlon bstween engline total-temperature retlio and engine total-
pressure ratio ls very sensitive to small changes in exhaust-nozzle
aresa., A change in effective exhaust-nozzle area of approximately
1 percent, which is within the acouracy of the calculated effective
area, would account for the difference In trends bebween the experli-

mental and analytical results.
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An Increase in altitude from 25,000 to 40,000 feet shifted the
punping characteristics in such a manner that, a.t a given bleedoff
flow, exhaust-nozzle area, and engine speed, the englne total-
temperature ratio was substantlally increased with only a slight
change In englne total-pressure ratio. Increasing engine speed with
a glven exhaust-nozzle area and bleesdoff flow sc shifted the pumping
characterlgtics that both the engine total-temperature ratio arnd
engine total~pressure ratlo were raised considerably.

The variation of the conditions at the campressor outlet and
the bleedoff measuring station with bleedoff flow during operation
at maxlimum thrust 1s shown in figure 9. As the bleedoff flow was
ralsed from O to 0.10 of the engine air flow, with the attendant
decrease in engine gpeed, the velocity in the blesdoff duct increased
to 290 feet per second and the compressor-outlet total pressure,
statlic pressure, and total temperature were reduced. Because the
bleedoff flow was extracted from the compressor-outlet diffuser
through flush openings in the diffuser wall, the campressor=-cutlet
gtatlc pressure represents the maximum total pressure obtainable in
the bleedoff duct. The total pressure in the duct with no bleedoff
flow was equal to the compressor-outlet static pressure; however,
ag the flow was increased to 0.10 of the englne air flow, with the
accompanying rise in bleedoff-flow velocity, the bleedoff total
pressure dropped 0.6 of an atmoaphere below the compressor-outlet
gtatic pressure. Temperature loss through the urinsulated duct
between the compressor outlet and the bleedoff measuring station
amounted to as much as 75° F at a bleedoff-flow rate of 0.02 of
the engine alr flow. As the bleedoff flow and consequently the
veloclty were raised, this temperature loss decreased rapldly and
was only 5° F at 0.10 of the engine air flow. Bleedoff total tem-
peratures at flow rates below 0.02 of the engine alr flow are not
shown beceuse Insufficient data were obtalned to establish the trend
of the curve between this flow and the nc-flow conditlon.

SUMMARY OF RESULTS

Resulte of an experimental investlgation to determine the
effect of compressor-ontlet bleedoff on engine performance are
gummarized as followse: :

1. For engine operation with the standard exhaust-nozzle
ares st an altitude of 25,000 feet and a flight Mach number of
0.53, increaslng the bleedoff flow from 0 to 0.10 of the engine
alr flow reduced ‘the maximum net thrust, as limited by tall-plpe
temperature, to 0.775 of the initial tbrust increased the speciflc

62¢1
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fuel consumptlon to 1.177 of the inltial value, and required & speed
reduction from rated englne speed to 0.954 of rated speed to prevent
exceeding the tall-plpe temperature limiit.

2. Improvements In performence wlth bleedoff by use of a
varlable-area exhaust nozzle as compared to performance with a
Pixed-area nozzle were inslgnificant at the conditions Investlgated.

3. During operation at constant engine speed with a Ffixed
exhaust-nozzle ares, an lncrease In bleedoff flow reduced the net
thrust and engine total-pressure ratio and increased the specific
fuel consumption and englne total-temperature retic. These varl-
ations were spproximately linear with bleedoff fliow.

4, Increasing the altltude during operation with a glven bleed-
off flow, exhaust-nozzle area, and engine speed substantlially
increased the englne total-temperature ratioc with only a slight
change in englne total-pressure ratlo. An Increase In engline speed
with a gilven exhaust-nozzle area and blesedoff flow substantially
raized both engine total-temperature and total-pressure ratlos.

5. During operation at meximmm thrust with the standard exhsust-
nozzle area, an increase in bleedoff flow from 0 to 0.10 of the
engline air flow, with the attendant decrease in engine speed, lowered
the compressor-outlet total pressurs, static pressure, and total tem~
perature, and lowered the total pressure in the bleedoff duct from
0 to 0.6 atmosphere below the compressor-outlet statlc pressure. The
total-~temperature loss from the compressor outlet to the bleedoff duct
was reduced from 75° to 5° F as the bleedoff flow was raised from 0.02

to 0.10 of the englne alr flow.

Lewls Flight Propulslion Laboratory,
Neational Advisory Committee for Aeronautics,
Clevelaend, Ohio.
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APPENDIX - CALCULATIONS
Symbols
The following symbols are used in this report:
A area, sq £t
a speed of sound, ft/sec
F net thrust, 1b

g acceleratlion due to gravity, 32.17 ft/sec2

W

total pressure, 1b/sq £t

static pressure, lb/sq £t

gas constant, 53.4 £5-1b/(1b)(°F)
total temperature, °R

velocity, ft/sec

H o B W o

welght flow, 1b/sec

Q

ratio of specific heat &t constant pressure to aspecific heat
at congtant volume .

p  demsity, 1b/cu £t
Subsoripts:

0 free-stream amblent
1 engine inlet

2 compregsor outlet

4 turbine outlet

5 tail plpe

a englne alr
b bleedoff survey statlion

62%T
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c compressor-seal leakage ailr
r fuel
g exhaust gas
station at which Jet reaches free-stream static pressure

n exhaust nozzle

Methods of Calculatiom

Engine alr flow. - The air flow into the compressor was obtained
from measurements at the englne inlet (station 1) and was calculated

by the following eguatian:

1—_];
Wa,1 = P],Al/\/;-—?s— ) (Pl) 7 -1 (1)

Bleedoff flow. - The maximum veloclty at the measuring station
in the bleedoff duct was 290 feet per second; +herefore, the flow
was calculated by the incampressible-flow eguation

¥ = 84 A /Zp'b(P'b"P'b)S - - (2)

Use of thls eguation rather than the compressible-flow equation
introduced a maximum error of less than 0.5 percent of the flow

measgurement.

Net thrust. - Net thrust was calculated assuming no total-
pregsure loss through the tell plpe and complete expansion of
the exhaust gases to amblent pressure by the following relation:

g g

where, assuming complete free-stream total-pressure recovery,

2L
Gy [1 -(®)7 (@)
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231
- 2y (R0} 73
vy = E:%)-QR‘I% 1 @_4.) (5)

Because a more accurate turbine-outlet temperature meassurement was
obtained at statlon 5 than at station 4, Ts was used 1n equa-

tion (5). The gas flow was calculated from
Wg= a,l-'wb-wc+w.f (6)

Compressor-seal leakage alr W, was measured by pressure and tem-
perature lnstrumentation in the leakage line.

Exhaust-nozzle area. - The effective exhaust-nozzle-outlet
ares was calculated assuming ambient pressure at the nozzle outlet
when the Jet was subsonic and critical pressure ratic at the noz-
zle outlet when the jJet was supersonic. When P4/b0 was leas
then the critlcal pressurse ratlc, the nozzle area was determined
from the relation

Z-_].'.
e . 4 (o) 7 -

" "By T RoT; \Ba

When Pé/po exceeded the critical pressure ratio, the nozzle area
was calculated from the equation

A, = EE%_ (8)
n

Because

6eET
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then

- Paan

1
W E
An 5 <7né+l) 711-1 (9)
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(b) Compressor outlet, statlon 2.

{¢) Turbine outlet, station &. {&) Tail pipe, station b6.

¢ Total pressure
00X OOXX X000 X0 u] S8tatlic pressure
) % Temperature

(e} Bleedoff measuring statlon.

Pigure 2., - Temperature and pressure surveys installed at measurling stations
in engine.
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Plgure 3. — Effect of compressor—outlet bleedoff on engine performance, Altitude,
25,000 feet; flight Mach number, 0.53; engine speed, 0.93 rated.
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Figure 3. - Concluded. Effect of compressor-cutlet bleedaff on engine performances
Altitude, 25,000 feet; flight Mach number, 0.53; engine speed, 0.93 rated.



20 NACA RM ESQEI17

Altitude .
(rs)
26,000 —— — 40,000
Exhsust-nozzle area
Standard nozzle area
346 O 0953 20 emeea
o .976 0,978
<O 1,022 1.023
- s A ——m=- 1,043
E'. -
} Sed ,-'// " =8 tm\’
. 1 _7— /D/\ 0w
2 %5;__.—-— =5 | ]
I —
# L[]
5.2 O+ <
é ’ /L/ ///
o —T
8 — > >
g' - . LA
‘..'.: 3.0 - ? = )
g G-+ F L =
-2 —— =
e 1 =35 | ;
é% 2.8 o
2.6 T
{a) Engine total-temperature ratlo.
"“H 2,0
X “
[
3 &
£ . P T——o
o — T s =10
3 et
: -
4
& 1.6 —T —Pr—= F—— — T
3 —<p— —3— ST
S B — e | A < La _
2 '
B ) L I
ﬂ l.4

0 .02 .04 .06 .08 .10 .12 o S
Bleedoff flow LLi%)
Engine alir flow’ Wy 3

(b} Engine total-pressure ratioc.

Figure 4, - Effect of altlitude on variation of engline performance with bleedoff flow.
Engine speed, 0,93 rated; flight Mach number, 0.53.



1329

NACA RM EBOEI7

21

Altitude
(rt)

25,000 ——— 40,000

Exhaust-nozzie srea
Standard nozzle area

1.00 [P O 0.9583
—
\\“D\ L -0 976 0,878
é = O  1.022 1.023
2 —~ O A - 1.043
g .90 - =
o [ ——
N \\EL_
i —
5:‘3 >~\__\ [
:g .80 T S —
1] \\~
zﬁ A \\'\
\\\. —d
ey S
i .
.70 T — =
e S
h 4
.60

{c) Ratio of net thrust to net thrust at limiting temperature.

Bleedoff flow ¥r
Engine air flow’ Wg, 1

{d) Ratio of specific fuel consumption to specific fuel
consumption at limiting temperature.

Figure 4. - Concluded. Effect of altitude on variation of engine performance with
bleedoff flow, Engine speed, 0.93 rated; Ilight Mach number, 0.53.
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Plgure §. = Varlation of engine performance with compressor~outlet bleedoff. Altitude,
25,000 feet; flight Maoh number, 0.53; standard exhaust-nozzle area.
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Pigure 6. - Comparlson of englne performance. varlation with compressor-ocutlet
bleedorf for operation with fixed- and variable-area exhaust nozzles at maximum
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temperature, 1665° R.



24 NACA RM ESQE17

Exhaust-
nozzle areaj
_— Flxed
—_—— Variable

1.26

5 _
g L
-t
g 1.15 V
g
oy
»
1.05 —
- - A
o _4/’/‘/
.95
{(a) Ratio of specific fuel consumption to specific fuel
congumption at limiting temperature.
1700 -
&
- . /’
w0
§d:—c L""
o - /
) § 1500 —
-l
Q
g
¢
¥ 1300

{b) Tell-pipe temperature.

e — =k — e ———t—-

{c) Ratio of englne speed to rated engine speed.

1.06

T~ — ] vj E : :! 5

Standard

«95

0 .02 .04 .08 .08 .10
Bleedoff flow i)
Engine air flow’ Wg,)

Exhsust-nozzle
area
nozzle area

(&) Ratlio of exhaust-nozzle aresa to standard nozzle area.

Figure 7. - Comparison of engine performance variation with compressor-outlet bleedoff
for operation with fixed- and variable-area exhaust nozxles at 0.76 of net thruat
obtalnable at limiting temperature. Altitude, 25,000 feet; flight Mach number, 0.53.
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